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I;I3M0RANDUM REPORT 
for the 

Bureau of Aeronaut ics^ Navy Departnent 
FLUTTER TESTS Ol-I S32U MODEL 
IN 16-FOOT TUNFEL 
By Theodore Theodorson, R. P. Coleman, and LI. H. Smith 

SU?C.ikRY 

Tests were conducted in the l6-foot iTACA tunnel at 
Langley Field to determine the flutter characteristics of 
the SB2U-2 airplane. These tests v/ere originally planned 
as a desil-'able check of recommendations based on calcu- 
lations and submitted to the Navy and the manufacturer 
subsequent to the occurance of flutter in high-speed dives. 
The tests were also, at that tlrae, considered as a useful 
check on the theory itself. A further purpose of the 
tests was to study the behavior of the airplane just below 
the flutter speed, a problem which lias been the subject of 
much speculation on the practicability of flutter testing 
in flight. Since the validit?,^ of flutter calculations has 
been very well established since that time, the second ob- 
ject was, at present, considered the primary purpose of the 
tests . 

The tests herein reported consisted of an extensive 
series of vibration tests conducted for a range of air- 
speeds up to llj.G miles nor hour* The model was subjected 
to an alternating force produced by a vibrator, the frequencj^ 



of which was changed throughout the range from 5OO to 2000 
cpiri. The resulting vibration response patterns v/ere re- 
corded and plotted as a function of airspeed and i^.posed 
f requencyo 

It v/aL found fron the studies norein reported that the 
response amplitude Increased iri-er^ul arly and nore 3^^^"^^lly 
than expected, the increase starting at a speed about two- 
thirds of the pi'edlcted flutbei* speed. The riodel was not 
tested to destruction since the skin exhibited a disturbing 
buckling at high speed and it was feared that the model 
might be destroyed due to local skin failure. 

INTRODUCTICN 

Early in 1939 > several cases of flutter were reported 
on the S32U-2 airolene. An airplane furnished to the i\>XA 
was put through a serie.; of vibration tests at Langley Field. 
These tests showed that the torsion frequency was rather low^ 
1100 cpmo The lowest bending frequency was found to be 
normal with a frequency of about VQO cnm. In consequence, 
however, the ratio of the bending frequency to the torsion 
frequency was high, a condition indue Ive to low values of 
flutter speed. In the airplanes experiencing flutter, 
the aileron balance weights \.ere confined to the tip section 
only. Inspection showed that at least on one occasion the 
flutter had occuri^ed inboard since the damage appeared near 
the middle of the aileron. The observed flutter speed, as 



reported by three pilots, was near ]|00 miles per hour true 
spe3cl. Tills value checked very well \vl bh that obtained 
by calculation based on te^:ts conducted for this purpose 
at Langley Field In the spiking of 1959 • 

The fc] lowing rec ciimendat Ions were at that time sub- 
mitted to Vought-Slkorsky Aircraft. The flutter speed 
should be increased in the order of 20 percent, that Is, 
from i|.00 to about 50O miles per hour by the following 
means: (a) increase torsional frequency of wing to at 
least 1520 com, and (b) provide a more uniform distri- 
bution of the aileron counterbalance weights. It was 
further tentai;ively recommended that a quarter-scale 
model be built in order not to miss the opportunity of 
studying this case in all its consequences. These recom- 
mendations were considered and approved at a m.eeting ab the 
Navy Department on March 20, 1959, of representatives from 
the Vought-Sikorsky Aircraft, the Navy, and the iJACA. 

Since this time, ^Tr. S. J. Lcrlng (reference 1) has 
very thoroughly studied the flutter characteristics of the 
S32U airplane. At the request of the Navy, a flutter 
model was built by Vought-Sikorsky Aircraft. The design 
and characteristics of this flutter model have been given 
by Mr. 3. J. Loring (references 2 and 5). This model 
was submitted to Langley Pield in November 19!|2 for the 
purpose of conducting wind-tunnel tests on flutter charac- 
teristics. 



The ITACA wishes to ac'movvledge the generous cooperation 
cf the Navy, the Glen}i L* Martin Ccnpany, and the 
Vcught- Si-cur sky iUrcraft, rianuf aotur er of the airplane. The 
collabcration of Lt. G. V. Schliestett and LIr, R. P. 3artels, 
o f the Bur o av. of Ae r onc.iut i c s , :I avy Dep ar tment > I le s sr s . 
V;, 3, Per-en, W. h. Bonder, Jr., W. Furdy, and J. P. Paone, 
cf the Glenn L. ^[artin Company; and Mr, F. B. Sandgren, of 
Vou.^ht-Sikorsky i-droraft, ir. esrn-oially anpreciated. Recon- 
mendauions are i;;iven in rer^ard to a final test on the flutter 
speedc 

DESCRIPTION 07 TEST EC;UI?MT kW METHOD 
Flutter tests on the S5211 nod el v^ere conducted in the 
l6-foot tunnel of the FAOA Langley Field Laboratories. The 
model as installed is shown in the photographs (figs« 1(a), 
(b), and (c)), h dozen snail pickups v/ere distributed 
within the wing structure as shown in the nl an- view sketch 
(fi?T,. 2). The pickups wore oriented with their responsive 
axes perpendicular to the wingp These pickups and the as- 
sociated multiple-channel amplifying and recording equipment 
were furnished by courtesy of the Glenn L. Martin Company. 
A special vibrator driven by a small air turbine was in- 
stalled in the fuselage^ The use of the air-tui-bine drive 
v/as resorted to as it proved difficult to shield the field 
cf an electric motor sufficiently to prevent disturbances 
in the pickups. The model was very substantially supported 



at a point considerably beiiind the center of gravity of the 
riiodel. . The vibrator itself vvas placed close to the center 
of gravity of the wing with its plane of rotation perpen- 
dicular to the fuselage axis. Since a single weight 
vibrator was used, there was thus both a vertical and a 
hcri:3ontal force, the latter giving rise to a somewhat 
unwanted chordwise motion of the wings, or "side rocking. 
It should be noted that the support v/as constructed so as 
to permit either restraint or freedom in rotation about 
the center line of the fi:iselage, 

A set of preliminary runs was made to insure effi- 
cient operation of the equipment • It v/as soon established 
that no appreciable deflection was obtained on the inboard 
pickup elements. Th.e elem.ents near the tip of each wing 
and two elements giving aileron position were therefore 
permanently assigned to the si:: available channels of the 
amplifier system. A typical vibration record is shovm in 
figure 3. 

Considerable difficulty was experienced in identifying 
the main torsional frequency, and it also proved to be 
rather much higher than the value prescribed by Vought- Sikorsky 
Aircraft, namely, 1^75 ^P^- instead of a reported value of 
about 1250 cpme fhis difficulty, which is typical of the 
difficulty often encountered in vibration tests, was caused 
by the presence of other responses very near the torsional. 
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A method used by the Labor at or:/ on several other occasions 
prcvod. t'un.cess'Val in overcoming the trouble. By attaching 
a relativoiy large concentrated mass at the torsion axis 
near the wing tip^ a spectral resolution was obtained by 
pushiiig the interfering responses out of the range. By 
resorting to various Lieans of displacing or suppressing one 
or more responses^ the various modes wer3 successively 
identii'ied. The chore vvise bending occurred at I25O cpm 
and a nons\n:vimetrical bending mode at 155'^ cpm. For in- 
stance, the chordwisc bending could thus be suppressed by 
attaching strings to the v/ing tips In the chordv^ise di- 
rectiono (See fig. 1^.) The frequency and phase effects 
of mass added at wing tios are shov/n in figures 5(a) and (b). 
Measured damping param.eters for the wing in bending, left 
and right aileron deflections, respectively, Rve shown in 
flgixres 6(a), (b), and (c). 

RESULTS OF PRELIjCNARY TESTS OK FLUTTER P ARAI'IETERS 
OF T^-IE SB2U FLUTTER I/IODEL 

Symmetrical bending, cpm . . . o o « o 67O 

Nonsyminetrical bending, cpm o . . » o . . . , » . . . I35O 

Chordwisc bending, cpm . . . „ . o o . » 12.^0 

Torsion, cpm . - . . . » o . c o 1575 

Damping of wing in bending . • . , g^^ O0O5 

Damping of left aileron, approximately . . . » . g^ =^ 0,5 
Damping of right aileron, approximately .... ^ 

As a result of the higher than expected value of 

torsional frequency, the calculated flutter speed of the 

model Increased to I50 miles per hour. It is also noted 

that the aileron damping was undesirably high. 



MAIN TESTS 

These tests v/ere run to study the effect of the air 
stream on the magnitude of the various responses, in 
particular near the flutter speed* Tests were run in the 
l6-foot tunnel at speeds of 0, 50, 75, 100, 110, 120, IJO, 
and ll^O miles per hour. At each speed, the frequency of 
the impressed force was changed throughout a range of from 
50c to about 2000 cpm. A larger vibrator mass was em- 
ployed for the lov\^cr frequencies to keep the force more 
nearly constant* 

The test results are shovvn in a series of graphs 
showing the responses versus frequency for the eight air- 
speeds* These graphs are given in figures 7 "to 36, in- 
clusive. It should be noted that, in these figures, the 
amplitude refers to a given mass of the vibrator and that 
the impressed force thus increases as the square of the 
frequency. The pickups are designated by numbers cor- 
responding to those of the location drawing in figure 2. 
Records from only the four elements numbered 6 and 7 on 
the left Yving and 9 and 23 on the right v;ing were em- 
ployed in these figures. The results of the main tests 
may readily be visualized in the perspective photographs 
{^) 9 (b), (c), and (d), in figure 57- I^ these photo- 
graphs, the strips are for successively higher airspeeds 
toward the rear. Because of the excessive damping 



TDresent, the records of the two aH.eron-posltlon recorders 
:je~<^e not ]: lotted. 

The tests v/ere discontinued at lij_0 niles per hour, 
which snoed was in excess of the originality expected value 
oi 120 miles i^er hour given in references 2 and $. The 
skin buckled in a disturbing inr-.nner^ and it was feared that 
destruction '-nif^ht result ivoci a local slcln failure. In 
fact, this taucklin.^ also occurred at about 125 railes per 
hour. However, in each case the skin stiffener snapped 
back in position when lir;htlY pushed. 

DISCI'SSICN 

The ruost notev/ort.iiy feature of the test results is the 
Siiiall change of amplitude as the airspeed is increased • 
This very approach to flutter is -somewhat unex- 

pected and may not be typical of m.odern construe tion. 

Evidently a corplex structure may exhibit local fre- 
quencies and energy-absorbinf^ qualities, v;hich results in 
a rather irregular response pattern of the type recorded. 
A condition of near-flutter may thus be suppressed by the 
existence of hirrh internal da^ipinf;^ at tlie particular fre- 
quency involved. 

Until more evidence is available, cither from r.odel 
tests or from flight, it is not :oossiblc to recommend a 
specific teclinique for flutter testing In flight. 
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RECCMMENDATIOITS 
It i::; recoiTirrisncled that the tors:.onal stiffness cf the 
win^3 be decreased to give a flutter speed iiear 120 miles 
per hear so as to a-^^oid the observed skin buckling, and 
that a sr^ocial test be run to observe the flutter speed 
and also^ if porjsiole, the appearance of the response 
peak belov; this speca. 



Lanp;! ey ?'!eiTo I'^i al Aci'cnaMtz c al I aboratory , 

i^la-uior.al i^idvioori' GoiriritL-eo for Aeronautics, 
Langley 7ield, Vao, February 1?, 19^+3- 
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